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Abstract

Polymerization shrinkage continues to be a major problem in bulk-fill resin composites, which creates stress in the composite
restoration and at its interface with tooth structure. The clinical manifestations of this stress, include marginal failure and
subsequent secondary caries, marginal staining, restoration displacement, tooth fracture, and/or post-operative sensitivity.
This paper proposes a modification of the semi-split bulk filling technique, which involves delaying the diagonal gap closure
for 5 minutes following the first light curing for achieving a considerably higher reduction in unrestrained lateral shrinkage

stress.
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Introduction

The demand on bulk-fill resin composite restorations
have increased dramatically in the past few years
because of their improved esthetic qualities,
mechanical properties, and ease of placement [1,2].
However, these materials possess the undesirable,
inherent property of shrinkage upon light curing.
During which, polymerization shrinkage occurs and
generates stress. Shrinkage stress is defined as the
pressure that builds up in tooth structure and
adhesive during polymerization. It is a complex
phenomenon, and depends on several factors, among
which are the boundary conditions, amount of
material, the polymerization reaction. They all play
essential role in stress development and/or
transmission to tooth structure [3,4]. The magnitude
of shrinkage stress is influenced by the following
several factors: the composition and viscosity of
composites, the elastic modulus, and the
configuration factor (C-factor) where a higher Cfactor
means higher stress levels placed on the bonded
surfaces during the polymerization process, as well as
the composite placement technique, and the
restoration volume, where restorations with larger
diameters and depths can result in higher shrinkage
stress [5-9]. Post-curing polymerization is the process
by which composite resins continue to polymerize for
up to 24 hours after initial light exposure. [10] During
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the five-minute period after light exposure, the
generated shrinkage stress can increase significantly in
the polymerizing composite [11]. The significantly
increased shrinkage stress occurs because the
polymerizing composite is restrained due to bonding
to the surrounding cavity walls, resulting in its
prevention from displacement [12-14]. This
significantly increased stress results in the
development of high strain, which leads to marginal
gap formation, cuspal deflection, and enamel micro-
cracking [12,13]. Using the bulk filling technique, a
bulkAill resin composite is placed in a large occlusal
cavity using a single mass of 4-5 mm thickness. Upon
light curing of the composite mass in occlusal cavity
preparation, it hardens and undergoes restrained
shrinkage due to bonding to the surrounding cavity
walls. The polymerizing composite struggles to get
smaller and take up less space, that results in
developing a significant increase in stress (during the
five minutes after light exposure). This stress puts
pressure on the adhesive and surrounding tooth
structure, causing several undesired clinical
consequences in the final restoration/restored tooth
[15]. Large occlusal bulkfill resin composite
restorations are placed using the bulk filling
technique. Upon light curing of the 4 mm thick single
mass of composite in the prepared cavity, it hardens
and undergoes restrained shrinkage due to bonding
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to the surrounding cavity walls. During the five-
minute period after light exposure, the polymerizing
composite struggles to get smaller and take up less
space, which results in developing a significant
increase in stress. This stress puts pressure on the
adhesive and surrounding tooth structure, causing
several undesired clinical consequences in the final
restoration/restored tooth, such as debonding that
results in internal or marginal gaps, enamel cracks,
and cuspal deflection, as well as microleakage,
secondary caries, and postoperative sensitivity [16,17].
As the shrinkage stress was observed to significantly
increase during the 5-minute period after light
exposure [11], delaying the closure of the diagonal gap
for a similar period, instead of closing it immediately
as in the original semi-split bulk filling technique, is
considered sufficient for increasing the gap’s
effectiveness to greatly reduce the shrinkage stress and
to counterbalance the significant stress increase.The
objective of this paper is to propose a modification of
the semi-split bulk filling technique, which involves
leaving the diagonal gap open (unfilled) for 5 minutes
after the first light exposure, instead of closing it
immediately, for achieving a considerably higher
reduction in shrinkage stress.

Discussion

The (original) semi-split bulk filling technique
The shrinkage stress generated in the bulkfill resin
composite exerts tension on the bonding adhesive
and the surrounding tooth structure during the
polymerization process. As polymerization proceeds,
the generated shrinkage stress increases. When the
shrinkage stress exceeds the bond strength, a marginal
gap is formed. This formation of the gap is extensive
if the shrinkage stress becomes greater than the bond
strength early in the polymerization process. Whereas
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the gap formation is limited, if the shrinkage stress
becomes greater than the bond strength late in the
polymerization process [18]. The original semi-split
bulk filling technique can mitigate the restrained
shrinkage and its deleterious effects that occur when
used for placing direct placement of large posterior
bulk-fill resin composite restorations. This technique
was introduced in 2021 for direct restoration of large
occlusal cavities with bulkAfill resin composites. It
involves creation of a diagonal gap in the top half of
composite mass, in advance of light exposure. The
diagonal gap constitutes an integral part of the
(original) semi-split bulk filling technique. The gap
(1.5 mm wide and 2 mm deep) is created diagonally
in the top half of the uncured composite mass using a
Teflon-coated plastic filling instrument in a push
stroke [19,20-23]. The created gap divides the top half
of the composite mass into two separated segments,
where each segment is bonded to the adjacent cavity
wall only. The segmented composite is then light
cured for the first time [20-23]. Following that, the
segmented composite is light cured for the first time.
Upon polymerization, each composite segment
undergoes unrestrained shrinkage due to bonding to
the adjacent cavity wall only. The unrestrained
shrinkage allows development of unrestrained stress
and free displacement. The free displacement starts at
the diagonal gap center and proceeds in an outward
direction, towards the adjacent bonded cavity wall.
This results in higher volume reduction of each
segment, along with increased width of the diagonal
gap. Immediately following the first curing, the
restoration is completed by filling the diagonal gap
with the same composite, and light curing it for the
second time. This technique reduces debonding and
gap formation at deep pulpal floors of occlusal
cavities, resulting in restorations with reduced
postoperative pain and sensitivity [19].

C

Figure 1: The original semi-split bulk fill technique, outlining the free unrestrained lateral shrinkage displacement
immediately following the first light curing.
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Figure 1 The original semi-split bulk filling technique,
outlining the free unrestrained lateral shrinkage
displacement immediately following the first light
curing. (A) Single mass of bulkAfill resin composite
placed directly in large occlusal cavity. (B) Composite
mass with cutout corner, showing the diagonal gap
created in the top half of the un-cured composite
mass, which is followed by light curing for the first
time. The number and direction of black arrows in
each polymerizing segment represent the magnitude
and direction of the free unrestrained lateral
displacement. (C) Diagonal gap immediately closed
with the same composite and light-cured for the
second time.

The modified semi-split bulk filling technique

The modified technique is basically the same as the
original semi-split bulk filling technique, with the
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exception that the closure of the diagonal gap is
delayed for a period of 5 minutes after the first light
exposure.

The rationale for the proposed modification is that
delaying the diagonal gap closure for 5 minutes,
following the first light curing, could allow each
polymerizing composite segment the adequate time to
independently  undergo  considerably  high
unrestrained lateral shrinkage, accompanied with
lower stress and free displacement. The free shrinkage
displacement occurs in an outward direction from the
gap center and proceeds towards the adjacent bonded
cavity wall, resulting in considerably higher relief of
the shrinkage stress in the final composite restoration.
This results in preserving the marginal integrity of the
final restoration, and greatly reduce marginal gap

formation, cuspal deflection, and enamel micro-
cracking.

Figure 2: The modified semi-split bulk filling technique, outlining the free unrestrained lateral shrinkage displacement after
waiting for 5 minutes, following the first light curing.

Figure 2 The modified semisplit bulk filling
technique, outlining the considerably increased
unrestrained lateral shrinkage displacement after
waiting for 5 minutes, following the first light curing.
(A) Single mass of bulkfill resin composite placed
directly in large occlusal cavity. (B) Composite mass
with cutout corner, showing the diagonal gap created
in the top half of the un-cured composite mass, which
is followed by light curing for the first time. (C) Gap
closure delayed for 5 minutes, after the first curing.
(D) The increased number of black arrows and
direction in each polymerizing segment represent the
magnitude and direction of the considerably
increased unrestrained lateral shrinkage
displacement, resulting in greatly increased stress
reduction. (E) Diagonal gap closed with the same
composite and light-cured for the second time.

In the original semi-split bulk filling technique, where
the gap is closed immediately following the first light
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exposure, the diagonal gap results in reduction of the
shrinkage stress. This agrees with the findings of a
research study that compared microleakage in large
occlusal bulkfill resin composite restorations placed
using two insertion techniques, where the marginal
microleakage and microleakage on the pulpal floor
were effectively reduced, as compared to the
conventional bulk filling technique [24]. In contrast
to the original semi-split bulk filling technique where
the gap’ effectiveness is not fully utilized, in the
modified technique, the modified semi-split bulk
filling technique is anticipated to substantially
increase the gap’s effectiveness by delaying the closure
of diagonal gap for 5 minutes after the first curing.
This delay is expected to considerably relieve the
shrinkage stress, resulting in better adaptation to
cavity walls and margins, and considerable reduction
of marginal gap formation, cuspal deflection, and
enamel micro-cracking.
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Conclusion

The proposed modification of the semi-split bulk
filling technique is simple and beneficial. It involves

delaying of the diagonal gap closure for 5 minutes,
following the first light exposure. This modification

would considerably reduce the shrinkage stress,

leading to a final restoration with greatly reduced
marginal gaps, cuspal deflection and enamel micro-
cracking.
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